Improvement in Surface Characterisitcs of Polymers for Subsequent Electroless Plating Using Liquid Assisted Laser Processing  by Marla, Deepak et al.
 Physics Procedia  83 ( 2016 )  211 – 217 
Available online at www.sciencedirect.com
1875-3892 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Bayerisches Laserzentrum GmbH
doi: 10.1016/j.phpro.2016.08.011 
ScienceDirect
WK,QWHUQDWLRQDO&RQIHUHQFHRQ3KRWRQLF7HFKQRORJLHV/$1(
,PSURYHPHQWLQVXUIDFHFKDUDFWHULVLWFVRISRO\PHUVIRUVXEVHTXHQW
HOHFWUROHVVSODWLQJXVLQJOLTXLGDVVLVWHGODVHUSURFHVVLQJ
'HHSDN0DUODD<DQJ=KDQJD0DVRXG-DEEDULD0DGV56RQQHD-RQ6SDQJHQEHUJ
-HVSHU++DWWHOD
aTechnical University of Denmark, Department of Mechanical Engineeering, Kgs. Lyngby 2800, Denmark 
$EVWUDFW
0HWDOOL]DWLRQRISRO\PHUVLVDZLGHO\XVHGSURFHVVLQWKHHOHFWURQLFLQGXVWU\WKDWLQYROYHVWKHLUVXUIDFHPRGLILFDWLRQDVDSUH
WUHDWPHQWVWHS/DVHUEDVHGVXUIDFHPRGLILFDWLRQLVRQHRIWKHFRPPRQO\XVHGWHFKQLTXHVIRUSRO\PHUVGXHWRLWVVSHHGDQG
SUHFLVLRQ7KHSURFHVVLQYROYHVODVHUKHDWLQJRIWKHSRO\PHUVXUIDFHWRJHQHUDWHDURXJKRUSRURXVVXUIDFH/DVHUSURFHVVLQJLQ
OLTXLGJHQHUDWHVVXSHULRUVXUIDFHFKDUDFWHULVWLFVWKDWUHVXOWLQEHWWHUPHWDOGHSRVLWLRQ,QWKLVVWXG\DFRPSDULVRQRIWKHVXUIDFH
FKDUDFWHULVWLFVREWDLQHGE\ODVHUSURFHVVLQJLQZDWHUYLVjYLVDLUDORQJZLWKWKHGHSRVLWLRQFKDUDFWHULVWLFVDUHSUHVHQWHG,Q
DGGLWLRQDQXPHULFDOPRGHOEDVHGRQWKHILQLWHYROXPHPHWKRGLVGHYHORSHGWRSUHGLFWWKHWHPSHUDWXUHSURILOHGXULQJWKHSURFHVV
%DVHGRQWKHPRGHOUHVXOWVLWLVK\SRWKHVL]HGWKDWSK\VLFDOSKHQRPHQDVXFKDVYDSRUEXEEOHJHQHUDWLRQDQGSODVPDIRUPDWLRQ
PD\RFFXULQWKHSUHVHQFHRIZDWHUDQGLWLVEHFDXVHRIWKHVHHIIHFWVWKDWFDXVHVDQLQFUHDVHLQVXUIDFHSRURVLW\
&RS\ULJKWOLQHZLOODSSHDUKHUH
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH%D\HULVFKHV/DVHU]HQWUXP*PE+
Keywords:/DVHUSURFHVVLQJVXUIDFHPRGLILFDWLRQPHWDOOL]DWLRQHOHFWUROHVVSODWLQILQLWHYROXPHPHWKRG
 ,QWURGXFWLRQ
0HWDOOL]DWLRQ RI SRO\PHUV DQG SRO\PHUEDVHGPDWHULDOV LV D ZLGHO\ XVHG LQGXVWULDO WHFKQLTXH IRU D YDULHW\ RI
DSSOLFDWLRQV WKDW LQFOXGH HOHFWULF HOHFWURQLF DQGPHFKDWURQLF GHYLFHV DQG GHFRUDWLYH SXUSRVHV >&KDUERQQLHU DQG
5RPDQG@(OHFWUROHVVSODWLQJLVRQHRIWKHPRVWFRPPRQO\XVHGPHWDOOL]DWLRQWHFKQLTXHVIRUSRO\PHUV7KH
SURFHVVLQYROYHVVXUIDFHPRGLILFDWLRQRIWKHSRO\PHUVWRLPSURYHDGKHVLYHSURSHUWLHVDQGVXEVHTXHQWDFWLYDWLRQRI
WKHVXUIDFHZLWKDQHOHFWUROHVVFDWDO\VWW\SLFDOO\E\VXEPHUJLQJLWLQD6Q3GVROXWLRQDQGWKHDFWLYDWHGVXUIDFHLV
SODWHGXVLQJHOHFWUROHVVDXWRFDWDO\WLFSURFHVVE\LPPHUVLQJLWLQDQHOHFWUROHVVEDWK1LRU&XVROXWLRQ><DQJHWDO


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:GHPDU#PHNGWXGN
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Bayerisches Laserzentrum GmbH
212   Deepak Marla et al. /  Physics Procedia  83 ( 2016 )  211 – 217 
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H[SHULPHQWDOO\ LGHQWLILHG WKH VXLWDEOH ODVHUV DQG WKH UDQJH RI RSHUDWLQJ FRQGLWLRQV WKDW FDQ UHVXOW LQ RSWLPDO
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EHSXUHO\SKRWRWKHUPDOLQQDWXUHFRPSOHWHO\LJQRULQJWKHSKRWRFKHPLFDODVSHFWV7KLVLVDUHDVRQDEOHDVVXPSWLRQ
IRUDQQHDU,5 UDGLDWLRQ LUUDGLDWLQJDSRO\PHU VXFKDVSRO\FDUERQDWH7KHUHIRUH WKH'KHDWFRQGXFWLRQHTXDWLRQ
ZLWKDYROXPHWULFKHDWVRXUFHWKDWUHSUHVHQWVWKHDEVRUEHGODVHUUDGLDWLRQZDVVROYHGWRHVWLPDWHWKHWHPSHUDWXUHRI
WKHSRO\PHUVDPSOH7KHHTXDWLRQLVJLYHQE\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7KH ODVW WHUP LQ(TQ  LV WKH KHDW VRXUFH WHUP WKDW UHSUHVHQWV WKH ODVHU UDGLDWLRQ DEVRUSWLRQ7KHKHDW VRXUFH
DFFRXQWV IRU WKH KHWHURJHQHRXV QDWXUH RI KHDWLQJ LQ WKH SRO\PHU ZLWK YDULDEOH DEVRUSWLRQ FRHIILFLHQW GXH WR WKH
SUHVHQFHRIOLJKWDEVRUELQJPLFURSDUWLFOHVSLJPHQWV7KHSDUWLFOHVDUHDVVXPHGWREHXQLIRUPO\GLVWULEXWHG7KH
VSDWLDODEVRUSWLRQFRHIILFLHQWĮ(x,y)GHSHQGVRQWKHGLVWULEXWLRQRI WKHSDUWLFOHV LQ WKHSRO\PHUPDWUL[7KHVSDWLDO
YDULDWLRQ LQVLGH WKH VXEVWUDWH I(x,y) LVREWDLQHGXVLQJ WKH%HHU/DPEHUW/DZ >0DUODHW DO @:KLOH WKH WRS
VXUIDFHLVDVVXPHGWREHDFRQYHFWLYHERXQGDU\DOOWKHRWKHUVXUIDFHVDUHDVVXPHGWREHDGLDEDWLF7KHWHPSHUDWXUH
RIWKHDPELHQWZDWHUZDVHVWLPDWHGE\VROYLQJWKHHQHUJ\FRQVHUYDWLRQHTXDWLRQ7KHKHDWWUDQVIHULQWKHDPELHQW
IOXLGLVDVVXPHGWREHGXHWRERWKFRQYHFWLRQDQGFRQGXFWLRQ
 5HVXOWVDQGGLVFXVVLRQ
4.1. Experimental observations 
 
$FRPSDULVRQRIVXUIDFHVREWDLQHGIURPODVHUSURFHVVLQJRISRO\FDUERQDWHLQDLUDQGZDWHUXVLQJ6(0LPDJHVLV
VKRZQ LQ )LJ D DQG E UHVSHFWLYHO\ 8QGHU VLPLODU ODVHU SURFHVVLQJ FRQGLWLRQV WKH VXUIDFH FKDUDFWHULVWLFV
REWDLQHGE\ODVHUSURFHVVLQJLQDLUDQGLQZDWHUDUHTXLWHGLIIHUHQW,Q WKHSUHVHQFHRIDLUVRPHRI WKHPDWHULDO LV
DEODWHGRUYDSRUL]HGWKDWOHDGVWRIRUPDWLRQRIDWUHQFKRQWKHVXUIDFH,QFRPSDULVRQWKHYROXPHRIWKHDEODWHG
PDWHULDOLVLQVLJQLILFDQWZLWKZDWHUDVDPELHQWIOXLG,QDGGLWLRQZDWHULVVHHQWRSURGXFHDKLJKO\SRURXVVWUXFWXUH

 
D E

)LJ6(0LPDJHVRIVXUIDFHVREWDLQHGIURPODVHUSURFHVVLQJLQDDLUDQGEZDWHU

)LJXUHVDDQGEVKRZDFRPSDULVRQRIWKHGHSRVLWHGPHWDOOLFOD\HUWKLFNQHVVIRUODVHUSURFHVVLQJLQDLUDQG
ZDWHUDWGLIIHUHQWUHSHWLWLRQUDWHVDQGODVHUVFDQVSHHGUHVSHFWLYHO\7KHGDWDDUHVLQJOHGDWDSRLQWVPHDVXUHGZLWK
DQXQFHUWDLQLW\ZLWKLQ7KHGDWDLQ)LJDZHUHREWDLQHGDWDFRQWVWDQWVFDQVSHHGRIPVDQGLQ)LJE
ZHUH REWDLQHG DW D FRQVWDQW UHSHWLWLRQ UDWH RI .+] ,W LV HYLGHQW WKDW GHSRVLWHGPHWDOOLF OD\HU WKLFNQHVV RQ D
VXUIDFHODVHUSURFHVVHGLQZDWHULVDWOHDVWWLPHVKLJKHULQPDJQLWXGHDVFRPSDUHGWRWKRVHRQODVHUSURFHVVHGLQ
DLU,WLVTXLWHFOHDUWKDWWKHVXUIDFHJHQHUDWHGXVLQJDSRURXVRUVSRQJ\VXUIDFHZLWKORZDEODWLRQDVLQWKHFDVHRI
ZDWHULVEHWWHUVXLWHGIRUVXEVHTXHQWHOHFWUROHVVGHSRVLWLRQ7KHSRURXVVXUIDFHFRXOGSOD\DPDMRUUROHGXULQJWKH
DFWLYDWLRQSURFHVVSURYLGLQJVLWHVIRU6QDWRPVWRDGKHUHWRWKHSRO\PHUVXUIDFH7KHDEVHQFHRIWKHSRURXVOD\HULQ
WKHFDVHRIDLUPD\QRWKROGWKH6QDWRPVWKDWKHOSLQWKHVXEVHTXHQWSODWLQJSURFHVV

7KHGHSRVLWLRQWKLFNQHVVLQWKHFDVHRIDLUVHH)LJDGHFUHDVHVZLWKDQLQFUHDVHLQUHSLWLRQUDWHDQGLQFUHDVHV
ZLWKDQLQFUHDVHLQVFDQVSHHG$QLQFUHDVHLQUHSHWLWLRQUDWHDQGDGHFUHDVHLQVFDQVSHHGDUHUHODWHGWRDQLQFUHDVH
LQ ODVHU HQHUJ\ GHSRVLWLRQ IRU D JLYHQ DUHD 7KLV VXJJHVWV WKDW D ORZHU ODVHU HQHUJ\ LUUDGLDWLRQ OHDGV WR D EHWWHU
GHSRVLWLRQFKDUDFWHULVWLFVLQDLUSHUKDSVGXHWROHVVYDSRUL]DWLRQRIWKHVXUIDFH,QFRPSDULVRQWKHWUHQGREWDLQHGLQ
WKHFDVHRIZDWHULVYHU\GLIIHUHQW,QERWKFDVHVWKHGHSRVLWLRQWKLFNQHVVLVVHHQWRILUVWLQFUHDVHDQGWKHQGHFUHDVH
ZLWK DQ LQFUHDVH LQ UHSHWLWLRQ UDWH RU VFDQ VSHHG VXJJHVWLQJ WKDW DQ RSWLPDO ODVHU FKDUDFWHULVWLFV DUH UHTXLUHG WR
IDFLOLWLDWHEHWWHUGHSRVLWLRQFKDUDFWHULWLFV7KHGHSRVLWLRQ WKLFNQHVV LVPXFKKLJKHU LQ WKHFDVHRIZDWHUDFURVV WKH
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UDQJH RI SDUDPHWHUV FRQVLGHUHG LQ WKH VWXG\ 7KXV ODVHU SURFHVVLQJ LQ ZDWHU DSSHDUV WR EH DQ HIILFLHQW VXUIDFH
PRGLILFDWLRQSURFHVVZLWKORZPDWHULDOUHPRYDODQGKLJKVXUIDFHURXJKQHVVDQGSRURVLW\

 
D E
)LJ7KLFNQHVVRIGHSRVLWHGPHWDOOLFOD\HUDWYDULRXVYDOXHVD5HSLWLWLRQUDWHDQGE6FDQVSHHG


4.2. Simulations of laser processing in water 

,QRUGHUWRXQGHUVWDQGWKHHIIHFWRIZDWHURQWKHODVHUDEODWLRQSURFHVVQXPHULFDOVLPXODWLRQVZHUHFDUULHGRXWWR
SUHGLFWWKHWHPSHUDWXUHSURILOHRIERWKSRO\PHUDQGZDWHUGXULQJWKHODVHUKHDWLQJSURFHVV7KHPDWHULDOSURSHUWLHV
XVHG LQ WKHPRGHODUH OLVWHG LQ7DEOH9DSRUL]DWLRQRIZDWHUDQG WKHUPDOGHFRPSRVLWLRQRISRO\PHUDQGGRSHG
SDUWLFOHV DUH LJQRUHG LQ WKH VLPXODWLRQV :DWHU LV FRQVLGHUHG WR EH WUDQVSDUHQW WR ODVHU UDGLDWLRQ ZKHUHDV WKH
DEVRUSWLRQFRHIILFLHQWRISRO\PHUDQGSDUWLFOHVDUHWDNHQDVPDQGPUHVSHFWLYHO\7KHWKHUPRSK\VLFDO
SURSHUWLHV RI WKH SDUWLFOHV DQG WKH SRO\PHU DUH DVVXPHG WR EH WKH VDPH 7KH W\SLFDO UDQJH RI ODVHU LQWHQVLW\
LUUDGLDWLQJ WKH SRO\PHU VXUIDFH DUH LQ WKH UDQJH RI :P)LJXUH  D VKRZV WKH WHPSHUDWXUH SURILOHV RI
SRO\PHUDQGZDWHUDWWKHHQGRIWKHSXOVHtp ȝVREWDLQHGIRUDVLQJOHODVHUSXOVHRILQWHQVLW\RII0 :P
7KHSRO\PHUZDWHULQWHUIDFHLVUHSUHVHQWHGE\DOLQH7KHWHPSHUDWXUHSURILOHLQWKHSRO\PHULVKHWHURJHQHRXVDVWKH
PRGHODFFRXQWVIRU WKHSUHVHQFHRI OLJKWDEVRUELQJPLFURSDUWLFOHV7KHVHFDQEHFOHDUO\VHHQZLWKDPXFKKLJKHU
WHPSHUDWXUH WKDQ WKDW RI WKH SRO\PHU PDWUL[ 6LPXODWLRQV FDUULHG RXW DW WZR GLIIHUHQW ODVHU LQWHQVLWLHV ZLWK D
*DXVVLDQODVHUSXOVHVXJJHVWVWKDWDYHU\QDUURZUHJLRQLQWKHZDWHUSKDVHaȝPDWWKHLQWHUIDFHJHWVKHDWHGWR
KLJK WHPSHUDWXUHV )LJXUH E VKRZV WKH YDULDWLRQ RI PD[LPXP WHPSHUDWXUH LQ WKH ZDWHU SKDVH DW GLIIHUHQW
LQWHQVLWLHVRILQFLGHQWODVHUUDGLDWLRQ7KHPD[LPXPWHPSHUDWXUHLVVHHQWRLQFUHDVHFRQWLQXRXVO\ZLWKDQLQFUHDVHLQ
ODVHULQWHQVLW\,QWKHW\SLFDOUDQJHRIODVHULQWHQVLWLHVFRUUHVSRQGLQJWRWKHH[SHULPHQWDOFRQGLWLRQVWKHPD[LPXP
WHPSHUDWXUH LQ WKHZDWHUSKDVH LV DOZD\VDERYH WKHQRUPDOERLOLQJ WHPSHUDWXUH Tb DQG LV DVKLJKDV WKHFULWLFDO
WHPSHUDWXUHTcIRU, :P
7DEOH0DWHULDOSURSHUWLHVXVHGLQWKHPRGHO
3URSHUW\ 3RO\FDUERQDWH :DWHU
6SHFLILFKHDW-NJ.  
7KHUPDOFRQGXFWLYLW\:P.  
'HQVLW\NJP  

7KHKLJK WHPSHUDWXUH LQ WKHZDWHUSKDVHDW WKH LQWHUIDFHFRXOG OHDG WR VHYHUDOPHFKDQLVPV WKDWFRXOGSRVVLEO\
LQIOXHQFHWKHQDWXUHRIWKHKHDWLQJSURFHVV)LUVWO\WKHKLJKWHPSHUDWXUHLQWKHZDWHUSKDVHQHDUWKHLQWHUIDFHFRXOG
UHVXOWLQYDSRUL]DWLRQRIZDWHUDQGYDSRUEXEEOHJHQHUDWLRQ7KHSUHVHQFHRIODVHULQGXFHGYDSRUEXEEOHVKDYHDOVR
EHHQH[SHULPHQWDOO\REVHUYHGE\,VVHOLQHWDO 7KH IDFW WKDW WKH WHPSHUDWXUHFDQEHDVKLJKDV WKHFULWLFDO
WHPSHUDWXUHWKHUHLVDSRVVLELOLW\RIKRPRJHQHRXVQXFOHDWLRQZLWKDYHU\KLJKSUHVVXUHLQWKHYDSRUEXEEOHV7KH
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SUHVVXUHFDQEHDVKLJKDV03DFULWLFDOSRLQWSUHVVXUHRIZDWHUWKXVH[HUWLQJDKLJKSUHVVXUHRQWKHSRO\PHU
VXUIDFHUHVXOWLQJLQµZDWHUKDPPHU¶HIIHFW>=KXHWDO@,WFDQEHDUJXHGWKDWWKHJHQHUDWLRQRIYDSRUEXEEOHV
DQGWKHKLJKSUHVVXUHH[WHUWHGE\WKHPFRXOGEHWKHUHDVRQIRUWKHUHVXOWLQJKLJKO\SRURXVVXUIDFHVWUXFWXUHGXULQJ
ODVHU SURFHVVLQJ RI SRO\PHUV LQ ZDWHU 6HFRQGO\ WKH KLJK WHPSHUDWXUH YDSRU ZRXOG DEVRUE WKH LQFRPLQJ ODVHU
UDGLDWLRQ GXH WR DQ LQFUHDVH LQ LWV DEVRUSWLYLW\ DQG FDQ OHDG WR WKH IRUPDWLRQ RI YDSRU SODVPD DERYH WKH WDUJHW
VXUIDFH'XHWRLWVKLJKODVHUDEVRUSWLYLW\WKHODVHUSODVPDFDQVKLHOGWKHLQFRPLQJODVHU7KXVUHGXFLQJWKHODVHU
LQWHQVLW\ IDOOLQJ RQ WKH VXEVWUDWH 3ODVPD VKLHOGLQJ LV D YHU\ZHOO NQRZQSKHQRPHQRQ WKDW KDV EHHQ REVHUYHG WR
RFFXU LQPRVW RI WKH ODVHUPDWHULDO LQWHUDFWLRQV WKDW LQYROYHV YDSRU IRUPDWLRQ >0DUOD HW DO @ 7KLV SODVPD
VKLHOGLQJHIIHFW LVSHUKDSV WKH UHDVRQZK\ WKHSRO\PHUGRHVQRWYDSRUL]HDVPXFKDV LWGRHV LQ WKHFDVHRI ODVHU
SURFHVVLQJLQDLU

  
D E

)LJD6LPXODWHGWHPSHUDWXUHSURILOHRISRO\PHUDQGZDWHUEYDULDWLRQRIPD[LPXPWHPSHUDWXUHLQWKHZDWHUSKDVHDWGLIIHUHQWODVHU
LQWHQVLWLHV

7KHUHIRUHWKHUHVXOWLQJKLJKO\SRURXVVWUXFWXUHZLWKOHVVYDSRUL]DWLRQLQWKHFDVHRIODVHUSURFHVVLQJLQZDWHUFDQ
EH PDLQO\ GXH WR YDSRU EXEEOH JHQHUDWLRQ DQG SODVPD VKLHOGLQJ HIIHFW ,Q WKH FXUUHQW SDSHU WKH IRFXV LV RQ
XQGHUVWDQGLQJWKHSRVVLEOHPHFKDQLVPVWKDWFRXOGUHVXOWLQWKHIRUPDWLRQRIDSRURXVVWUXFWXUH+RZHYHULWLVRQO\
WKURXJK D GHWDLOHG PRGHOLQJ RI WKH EXEEOH JHQHUDWLRQ SODVPD IRUPDWLRQ DQG RWKHU HIIHFWV WKDW FDQ KHOS XV
XQGHUVWDQGWKHSURFHVVLQDJUHDWGHSWK
 &RQFOXVLRQV
/DVHUEDVHG VXUIDFHPRGLILFDWLRQ LV VHHQ DV D SRWHQWLDO SUHWUHDWPHQW SURFHVV LQ WKHPHWDOOL]DWLRQ RI SRO\PHUV
XVLQJHOHFWUROHVVSODWLQJ)RUEHWWHUGHSRVLWLRQFKDUDFWHULVWLFV LW LV UHTXLUHG WKDW WKHSRO\PHUVXUIDFH LV URXJKDQG
SRURXV:KLOH ODVHUSURFHVVLQJ LQ DLU UHVXOWV LQ D WUHQFK RUKROH FDXVHGGXH WRYDSRUL]DWLRQ ODVHUSURFHVVLQJ LQ
ZDWHUJHQHUDWHVDKLJKO\SRURXVVWUXFWXUHZLWK ORZPDWHULDO UHPRYDO7KHSUHVHQFHRIDSRURXVVWUXFWXUHKHOSV LQ
HQKDQFLQJWKHVXUIDFHVHHGLQJE\FDWDO\VW6Q3GLRQVDORQJWKHGHSWKDQGLPSURYHVWKHDGKHVLRQRIPHWDODWRPV
ZLWKWKHVXEVWUDWH7KLVVXEVHTXHQWO\LPSURYHVWKHGHSRVLWLRQFKDUDFWHULVWLFVGXULQJWKHHOHFWUROHVVSODWLQJSURFHVV
7KH QXPHULFDO VLPXODWLRQV RI ODVHU SURFHVVLQJ LQ WKH SUHVHQFH RIZDWHU VXJJHVWV WKDWZDWHU JHWV VXSHUKHDWHG
ZKLFKFDQ OHDG WR WKHJHQHUDWLRQRIYDSRUEXEEOHV)RUKLJKHU ODVHU IOXHQFHV WKHZDWHUJHWVKHDWHG WR WKHFULWLFDO
WHPSHUDWXUH WKDW FDQSRVVLEO\ UHVXOW LQ KRPRJHQRXVQXFOHDWLRQ6XEVHTXHQWO\ WKLV FRXOG OHDG WR H[HUWLRQRIKLJK
SUHVVXUHRQWKHSRO\PHUVXUIDFH,QDGGLWLRQWKHSUHVHQFHRIYDSRUFDQOHDGWRWKHIRUPDWLRQRIDGHQVHSODVPDWKDW
FRXOGVKLHOGWKHWDUJHWIURPWKHLQFRPLQJODVHUUDGLDWLRQ7KHVHSKHQRPHQDRFFXUULQJLQODVHUSURFHVVLQJLQZDWHU
FRXOGEHWKHSRWHQWLDOUHDVRQVIRUWKHJHQHUDWLRQRIDKLJKO\SRURXVVWUXFWXUHRQWKHSRO\PHUVXUIDFH
 Deepak Marla et al. /  Physics Procedia  83 ( 2016 )  211 – 217 217
$FNQRZOHGJHPHQWV
7KHUHVHDUFKOHDGLQJWRWKHVHUHVXOWVKDVUHFHLYHGIXQGLQJIURPWKH3HRSOH3URJUDPPH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